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ABSTRACT 

We used an innovative technique to measure the 

trajectories of vowel nasality in three languages: 

English, Mandarin, and Portuguese. An SVM 

classifier was trained on MFCC parameters at five 

positions in nasal and oral vowels, and the 

“nasality trajectory” for each language was 

evaluated in terms of classification accuracy at 

each of the five positions. The results support the 

view that Portuguese vowel nasality is phonemic 

while English and Mandarin vowel nasality is 

coarticulatory, although in all cases vowel 

nasalization starts at the vowel onset or even 

earlier. 

Keywords: nasalization, nasality trajectory, corpus 

phonetics, MFCC, SVM 

1. INTRODUCTION 

Vowel nasalization is the production of a vowel 

while the velum is lowered and the velopharyngeal 

port is open, so that the nasal cavities are coupled 

into the vocal-tract resonance system. Vowels are 

necessarily nasalized to some extent after or 

(especially) before a nasal consonant, due to the 

time required to lower and raise the velum. In 

many languages of the world, such as French, 

Portuguese and Yoruba, nasalization is a 

contrastive feature of vowels, independent of the 

presence of a nasal consonant.  

The production of nasalized vowels introduces 

nasal resonances and anti-resonances, which 

interact with the resonances of the oral cavity to 

produce a complex spectral transfer function. 

Many acoustic parameters have been found to be 

related to nasalization, including a reduction in 

amplitude of the first formant (A1) [17]; the 

relationship between A1 and the amplitude of the 

first harmonic (H1) [19]; nasal poles, one below F1 

(P0), at around 250-450Hz, and the other above F1 

(P1), at around 1000 Hz [22]; the difference 

between A1 and P0, and the difference between A1 

and P1 [6]; nasal pole-zero pairs in the vicinity of 

the first formant [10, 16]; and a low-frequency 

center of gravity [2].  

As this large number of relevant acoustic 

parameters suggests, the acoustic consequences of 

nasalization are complex, and there is no single 

measurable acoustic correlate of nasality [12]. The 

time-function of vowel nasalization is conditioned 

by many factors such as vowel height [3, 14, 26], 

phonetic context [5, 20], the phonemic or 

allophonic status of vowel nasality [8, 25], and the 

speaker and language characteristics [7, 13]. For 

example, it was found that when high vowels are 

nasalized, the velum is not lowered to the same 

extent as when low vowels are nasalized [3], but 

on the other hand, the nasal flow is greater in high 

vowel nasalization than low vowel nasalization 

[26]. Lower vowels require more velopharyngeal 

coupling to be perceived as nasal [1]. 

It is desirable to develop a measure of nasality 

that is robust enough to be used to compare the 

degree of nasality in different vowels or different 

languages. One possibility is to apply 

dimensionality-reduction techniques such as 

Principal Components Analysis to relevant 

acoustic parameters, as in [4]. However, these 

parameters are difficult to measure automatically 

and accurately, and many of them are vowel 

dependent. As an alternative, we can start with 

lower-level and more reliable acoustic parameters 

such as Mel-frequency cepstral coefficients 

(MFCC). The MFCC coefficients, widely used in 

automatic speech and speaker recognition, are 

based on a linear cosine transform (DCT) of a log 

power spectrum. The coefficients can be computed 

automatically through the following procedure:  
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MFCC parameters have been used in automatic 

detection of vowel nasality [15, 24, 27], and the 

results were comparable to or even better than 

using the higher-level acoustic-phonetic 

parameters. In [27], for example, the standard 

MFCC coefficients were extracted at the center of 

the vowels, and a SVM classifier was built to 

discriminate between oral and nasalized vowels in 

a vowel-independent manner. When trained on the 

TIMIT training set and tested on its test set, the 

method achieved 88% overall accuracy. 

In this study, we investigated the use of MFCC 

[11] and SVM [9] to study the overall patterns of 

nasality in large sets of vowel tokens. We assume 

that vowel regions that are more strongly 

nasalized, at least in acoustic terms, will be better 

discriminated from oral-vowel regions by a SVM 

classifier. In other words, we characterize the 

“degree of acoustic nasality” of a set of vocalic 

regions in terms of the proportion of these tokens 

that are correctly classified as “nasal” vs. “oral” by 

an SVM classifier. 

We used this method to compare vowel nasality 

in American English, Mandarin Chinese, and 

Brazilian Portuguese. In the following sections we 

first introduce the data sets, then we describe our 

method. The results are presented and discussed in 

Section 3, followed by conclusions in Section 4. 

2. DATA AND METHOD 

Three speech corpora were used for this study: the 

1997 English Broadcast News Speech 

(LDC98S71), the 1997 Mandarin Broadcast News 

Speech (LDC98S73), and the West Point Brazilian 

Portuguese Speech (LDC2008S04). The broadcast 

news corpora in English and Mandarin are 

recordings of broadcasts from television and radio 

networks. The West Point corpus contains read 

sentences from multiple speakers. The phone 

boundaries were automatically determined by 

using the Penn Phonetics Lab Forced Aligner [23]. 

Equal numbers of nasal and oral vowels were 

randomly selected from these corpora to form 

balanced data sets for the experiment. Portuguese 

has contrastive nasal vowels. For English and 

Mandarin, the vowels before a nasal coda were 

treated as nasalized vowels whereas the others 

were treated as oral vowels. The data sets are 

summarized below: 

 English broadcast news speech: 

Vowels: /         / 
Training set: 5000 tokens, 500 per vowel 

Test set: 2000 tokens, 200 per vowel 

 Mandarin broadcast news speech: 

Vowels: /           / 
Training set: 7200 tokens, 600 per vowel 

Test set: 3600 tokens, 300 per vowel 

 Brazilian Portuguese read speech: 

Vowels: /         / 
Training set: 6000 tokens, 600 per vowel 

Test set: 3000 tokens, 300 per vowel 

To investigate the trajectory of vowel nasality, 

we trained classifiers for each language and for 

each of five different positions within a vowel – 

10%, 30%, 50%, 70%, and 90% of the vowel 

duration from the onset – by using the MFCC 

coefficients extracted at those positions from all 

the nasal and oral vowels in the training data. The 

3x5=15 classifiers were speaker- and vowel-

independent. 

These classifiers were then applied both to the 

training data and to the test data (set aside and not 

used for training). The English classifier trained 

for the 10% position was applied to the 

coefficients extracted at the 10% position for all 

English vowels, and similarly for the other 14 

classifiers. 

The classification accuracies for the vowels in a 

given language were used to measure their degree 

of nasality at the five sample points. Vowels that 

are more strongly nasalized, in acoustic terms, 

should be more different from oral vowels, and 

thus all the vowels should be more likely to be 

classified correctly as “nasal” or “oral”. 50% 

accuracy for a given set of vowels would mean that 

the classifier cannot do better than chance at 

discriminating nasal from oral vowels, suggesting 

that this set of “nasalized” vowels possesses no 

reliable acoustic indications of nasality (or at least 

none that this method can find in the MFCC 

spectra).  

The MFCC coefficients were extracted using 

the HTK Toolkit [18]. The libsvm package of R 

[21] was used for classification. 

3. RESULTS AND DISCUSSION 

Figure 1 shows the classification accuracies at 

different vowel positions. We can see that 

accuracies are higher for Portuguese than for 

English and Mandarin except at the last position, 

which is near the end of the vowel and adjacent to 

the nasal coda. Moreover, the “nasality trajectory”, 

is different between the phonemic nasalization in 
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Portuguese and the coarticulatory nasalization in 

English and Mandarin. 

This is consistent with the common-sense view 

that Portuguese nasal vowels have their own 

nasality target, while the nasalized vowels in 

English and Mandarin are nasalized simply by 

virtue of coarticuation with a nasal coda 

consonant. There has been a debate about whether 

nasalization in American English is a result of a 

phonological rule [25] or not [8]. Our results favor 

the latter hypothesis: in English and Mandarin, 

vowels are not phonologically targeted as 

nasalized; instead, vowel nasalization is purely a 

transition a closed velopharyngeal port to its peak 

opening in the nasal consonant following the 

vowel. 

The classification accuracy at the ‘0.1’ position 

is well above 50% even for English and Mandarin, 

suggesting that vowel nasalization starts at the 

vowel onset in these languages. There is also a bit 

more nasality at the start of the vowel in Mandarin 

than in English. 

Figure 2 shows the accuracies for high and low 

vowels at the vowel center position. Only the 

results for the test set are shown. 

From Figure 2 we can see that in English and 

Mandarin high and low vowels have similar degree 

of nasality at the center of the vowels, whereas in 

Portuguese, the nasality in high vowels is higher 

than that in low vowels. The nasality difference 

between high and low vowels in Portuguese may 

be a phonological target, because there is no such 

difference in English and Mandarin where vowel 

nasalization is not targeted. The difference may, 

however, also be a pure physiological effect that 

only appears when the opening of the 

velopharyngeal port reaches its peak determined 

by the vowel height. 

4. CONCLUSIONS 

Many large speech corpora are now accessible, as 

well as new tools and methods for large-scale 

analysis. Our study shows that we can make use of 

technologies from speech recognition and machine 

learning in phonetically-relevant studies of these 

large speech corpora. 

We investigated the use of MFCC and SVM for 

automatic measurement and comparison of vowel 

nasalization in American English, Brazilian 

Portuguese, and Mandarin Chinese. The results 

show that both the “nasality trajectory” and the 

effect of vowel height are different between the 

phonemic nasalization in Portuguese and the 

coarticulatory nasalization in English and 

Mandarin, suggesting that nasalized vowels are not 

targeted as nasal in English and Mandarin. The 

results also suggest a small difference between 

English and Mandarin, especially at the onset of 

vowels. 

Figure 1: Classification accuracies at different vowel 

positions. The higher the accuracy, the higher degree 

of nasality the nasalized vowels possess. 50% 

accuracy represents no nasality. 

 

Figure 2: Classification accuracies of high and low 

vowels. The higher the accuracy, the higher degree of 

nasality the nasalized vowels possess. 50% accuracy 

represents no (detected) nasality. 
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